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ThisdiscussionpaperhasbeenpreparedforuseindiscussionswithinNISTEPandfor
SOlicitingopinionSfr0Ⅱlrelatedresearchers．Theopimionsexpressedinthisdiscussionpaperare
SOlelythoseoftheauthor．
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1．　Jntr°duction
InJapan，Hquick doubling’’ofgovernmentR＆Dinvestmenthasbeenone ofthe major
issuesinscienceandtechnologypolicyinrecentyears．IntherlScienceandTechnologyBasicPlan一一
decidedonbytheCabinetinJuly1996，anumericaltargetof”makingthetotalsizeofscienceand
technologyrelatedexpensesfromfiscal1996tofisca12000approximatelyl．7trillionyen”was
introducedtoachievethis．ConsideringthefactthattheenjoymentofexternaleconomiesglVenby
the nature ofscience andtechnology aspublic goods has beenindispensable to the economic
growthofJapan，WithitalreadyhavingbeenalongtimesinceJapanwascalledatechnological
SuPerPOWer，theratioofgovernmentR＆Dspendingintheeconomiesoftheadvancedwestern
COuntriesshouldbethemadethetargetLbre仇）rtfbrnow．．．Doubling”shouldhavemoremeaning
thansimplepolicypositioning．
Ontheotherhand，Whilethedirectgoalofthecountryinvestinginscienceandtechnology
isnottheachievementofacertaindegreeofeconomicgrowth，howmuchofaneconomiceffbctcan
be obtainedinthefutureby governmentR＆Dinvestment，Whichisbeingboosted despitethe
SeVere丘Scalsituation，muStbeamatterofconcerntomanycitizensandpolicy－makers．ThlSIS
becauseifthe accelerated publicinvestmentin science and technology does not give rise to
Sufncient additional economic growth，a bottleneck willbe encounteredin just securingthe
fundingforcontinuingreinvestmentinscienceandtechnology．
Thisstudydealswiththispolicyissuebyconstructingasimultaneousequationmodel
（macro－eCOnOmicmodel）forpredictingtheeconomice飴ctofgovernmentR＆Dinvestment．1）AslS
Wellknown，aSimultaneousequationmodeliscomprisedofasetofprobabilisticmodelsde丘ning
CauSe－and－e鮎ctrelationsofvariouseconomicvariablesandhasbeenusedbralongtimenowin
thefieldofeconomicpoliCyaSatOOlforpriorevaluationofpolicyanddecisionmaking．Sofhras
thewriterknows，however，Onlyrareattemptshavebeenmadetodesignamodelfocusingonthe
PrOCeSSbywhichR＆Dproducesendogenouseconomicgrowthsuchasintendedbythisstudy．
Ofcourse，R＆Disatypeofeconomicactivitywithahlghdegreeofuncertainty，SOitis
extremelydifnculttopredictitseconomiceffbctsbyprobabilisticmodels．NotonlyispredictlOnOf
theprobabilityofsuccessofR＆Dinherentlydifncult，butalsotherearevariousuncertainfactors
at workin the process by which their results produce value when successfu1．The degree of
uncertaintybecomesevenhigherinbasicandscientificresearchhandledatthe nationallevel．
Whilelimitedin this way，thereis the maJOr advantagethat a simultaneOuS equation model
enables descriptionofthe dynamicinteraction ofvariouspolicyvariables．Therefore，itcanbe
expected to be usefu1as a toolbr testing out thinkingwhen drafting science and technology
policy．
Below，伍rstthe related prior research will be reviewed，then a report made on the
StruCtureOfthemodelprepared，thedataused，theperformanceofthemodel，etc．Further，the
model will be usedfor predictive simulation ofthe economic e飴ctsinthe case where the
numericaltargetofthe”ScienceandTechnologyBasicPlan”isrealizedandsomethoughtsgiven
Ontheresultsofthepredictionandfutureresearchissues．
2．　　PriorResearch
As explained above，little research has been perbrmed using simultaneous equation
models．Numerousstudieshave been made howeverontheeconomice蝕ctsofR＆Dinvestment．
Therehavealsobeensomeattemptsatresearchdealingwiththegovernmentsector．
Empirical studies on the profitability ofR＆Dinvestment began withthe case study
analysisofGriliches（1957）．Afterthat，thevariableoftheR＆Dstock（alsocalled．’technological
knowledge stock”），eStimatedfrom R＆D spending，WaSintroducedinto aggregate production
functions and theincreasein output due toincreasesin R＆D stock frequently measured．
Terleckyj（1980）useddataof20manufacturingindustriestoconstructlinearhomogeneousCobb－
Douglas type productionfunctions durlng Which he dividedthe variable ofthe R＆D stock，
introducedasashiftparameter，intoR＆Dperformedintheseindustriesandspendingembodied
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incapitalgoodsandintermediate goodspurchasedfromotherindustriesandfurtherclassified
funds as either pl・ivatefunds or publicfunds．Thatis，this analysis experimented withthe
measurementofthepro丘tabilityofR＆Dcommissionedfromthe governmenttOtheindustrial
SeCtOr．Thefindingsindicatedthatthee飴ctofgovernmentfundsontheoutputofR＆Disnot
Statistically signi丘cant．Notethatin actualmeasurement，the variable expressingthe net
increaseoftheR＆DstockisrepresentedbytheamountofR＆Dspending．
LevyandTerleckyj（1983）tooktheapproachthatthemaineffbctofgovernmentR＆Dis
theinducement ofprivate sector R＆Dinvestment throughcommissioned research．This was
verified by a multiple regression modelusing macro－eCOnOmic data．This analysisfound that
researchcommissionedbythegovernmentinduces27centsofprivateR＆Dspendingperdollar．
Theparameterfornon・COmmissionedgovernmentR＆Dinvestmentwashoweverconcludedtobe
notstatisticallysigni瓜cant．
WhiletheempiriCalresearchofLevyetal，ShowedthatgovernmentR＆D，COnductedas
commissioned research，induces private sector R＆D spending，generally anincrease of
government spendingis considered to possibly crowd out privateinvestment due to the
accompanyingincreaseingovernmentborrowingandriSinginterestrates・Asananalysisrelating
tothispoint，thestudybyCarmichael（1981）maybementioned・Carmichaelconductedastudy
usingdatafrom47companiesandconcludedthatthephenomenonofgovernmentcommissioned
researchcrowdingoutprivateR＆Dspendingisextremelysmall，
Thesestudieshavethecommonfbaturethattheymainlyfocusonresearchcommissioned
totheprlVateSeCtOrinanalyzingtheeconomicefEbctsofgovernmentR＆Dinvestmentanddonot
coverthe e鮪cts ofgovernmentR＆Dinvestmentasawhole．The reasonwhytheyhave dealt
solelywithcommissionedresearchisthattheeconomice胝ctsofgovernmentR＆D spending，
muchofwhichis allocatedtobasic research，has beenconsidered notto contribute directly to
productive activities，but to haveindirect effects such asinducing prlVate SeCtOr R＆D・For
example，Mowery（1994）arguedthatsincetheeconomiceffbctofgovernmFntinvestmentinbasic
l・eSearChisnotadirecteffbctleadingtooutput，butanindirecte飴ctofralSingtheprofitabilityof
appliedR＆D，itisunsuitabletouseaframeworkofcost－benefitanalysisindealingwiththesame・
Ontheotherhand，aSSeenintheempiricalstudyofMans丘eld（1980），Sincethereareanalytical
nndingsshowingthatthereisstrongcorrelationbetweenbasicresearchandproductivity，While
using data ofthe manufacturingindustries，the direct effbcts onproductive activities ofeven
governmentR＆Dinvestmentshouldnotbeexcludedaprioributmustbediscussedempirically・
The recentempiricalresearchofMamuneas andNadiri（1996）was arare attemptto
studyboththedirecteffbctofgovernmentR＆Dinvestmentonoutputandtheindirecteffbctof
inducingprivateR＆D．Itusedaframeworkofcostfunctionstoanalyzethee鮎ctsoftheR＆Dtax
SyStemandgovernmentR＆DinvestmentonthegrowthofoutputintheAmericanmanufacturing
industries and private R＆Dinvestment using sector－Wise data of tw0－digitindustrial
Classi丘cations．According tothefindings，inindustries with alow R＆Dintensity，thereis a
Substitution relation between R＆D conducted at government expense and R＆D conducted at
privateexpense，SOWhileanincreaseingovernmentR＆Dconductedreducesunitcosts，italso
CrOWdsoutR＆Dprivateinvestment．Further，taXdeductionsandimmediatedepreciationofR＆D
fhcilitiesareremarkablyeffbctiveininducingR＆Dinvestmentintheprivatesector．Thatis，R＆D
investment conducted at government expenseis e鮪ctiveinimproving cost efnciency and
PrOmOting production growth，While policies onthe R＆D tax system are suitable meansin
PrOmOtingR＆Dinvestmentintheprivatesector．Tomaintainbalancedgrowth，itisconsidered
necessarytofindtheoptimummixofthetwopolicymeans．
InJapan，Wakasugi（1983）conducted an analysis using a framework ofproduction
functionsandconstructedamodelconsideringasexplanatoryvariablesoftotalfactorproductivity
theR＆D stockofprivate companies，theR＆D stockduetotheimportationoftechnology，and
governmentR＆Dstock．The丘ndingsindicatedthatthepro且tabilityofthegovernmentR＆Dstock
WaSnegligiblylow．HeaddedashisexplanationofthispointthatR＆Datgovernmentresearch
institutes and nonpro丘t researchinstitutes do notimmediatelylead to pro丘t，but create a
fhvorable environmentfortheR＆Dactivitiesofprivatecompanies．NotethatMiyakawa（1983）
haspointedtoproblemsinthisanalysissuchasthefailuretotakeintoaccountthetimelagfrom
R＆Dspendingtotechnicalprogress．
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Asexplained above，mOStpreViousempiricalstudieshave analyzed the relationshlP Of
R＆D stockandoutputusingaframeworkofproductionfunctions（orcostfunctions）basedon
neoclassicaleconomictheory．In recentyears，Various attempts have been made to use other
methodstoinvestigatetheinnuenceofgovernmentR＆Dinvestment．Forexample，Cockburnand
Henderson（1997）attempted to determinethe effbct of public researchinvestment onthe
Pharmaceuticalsindustry by measurlng the relationbetween the two bythe number ofjoint
WOrksofresearchersincompaniesandresearchersinthepublicsectorinscienti丘cpapersinthat
fieldandfoundthatahighdegreeofrelationcontributedtoanimprovementofproductivityin
re？earChactivitiesintheprivatesector・Jaffb，Fogarty，andBanks（1997）conductedananalysis
uslngdataoncitationsofpriorpatentsinpatentapplicationsbrinventionsasanindicatorofthe
impactofgovernmentorganizationsonresearchactivitiesandbundthatalongwithactivityto
COmmerCializethetechnologyturnedoutbygovernmentOrganizations，thenumberofcitationsof
PatentS OWned by NASA and other research organizationsincreased．Further，Feldman and
Lichtenberg（1997）analyzedthe relationship betweenpublicresearchinvestment and prlVate
researchinvestmentbyusingdataonthenumberoforganizationsinEuropebycountryandheld
andreportedthatthe manufacturingcompanies andservicerelatedcompaniesineachcountry
tendedtospecializeinthesamescienti丘C丘eldsasuniversitiesandpublicinstitutionsinthose
COuntries．The various scienti丘cand technicalindicators usedin these studies are expectedto
havebroaderpossibilitiesforuseineconomicanalysesofgovernmentR＆Dinvestment．Atthe
PreSentpOintoftime，however，nOmethodologyhasyetbeenestablishedbrtyingtheseinwitha
quantitativedeterminationofeconomiceffbcts．
Now，theempiricalstudiesconductedup tonow，Whethercoveringthe directeffbctsor
indirect effbcts of government R＆D，have been conducted丘）CuSing on construction of single
models（andtheirvariations）・Therefore，Whilethe丘ndingshave．contributedmuchtolmPrOVed
understandingofthespecifiCareascovered，theproblemhasremalnedofpoorindicatorsforpolicy
and a comprehensive evaluationofthe economic effbcts ofgovernmentR＆Dinvestment．This
Studydealswiththisissuebyincludingproductionfunctionstakinginaccountthedirecteffbctsof
knowledgestockproducedbygovernmentR＆Dinvestmentintheproductionblock，attemPtingto
COnStruCtSimultaneousequationsincorporatingamodelrelatingtovariousindirecteffbctsaswell，
andapplyingthesametopoliCysimulations．
3．　Structure°fModelandMethodofMeasurementofKnowledgeStock
This section discusses the structure ofthe macro－eCOnOmic modeldeveloped based onthe
aboveperceptionoftheissuesandthevariableofal’technologicalknowledgestock’rbrmingthe
centralconceptindiscussionsoftherelationbetweenR＆Dandeconomicgrowth．
（1）　StructureofModelandDataUsed
Themacro－eCOnOmicmodeldevelopedhereiscomprisedoffiveblocks：’一expenditureblock”，
’．production blockH，一一price block”，l－employment and distribution block’’，and”R＆D blockr．and
includes a totalof34simultaneous equations and46variables（ofwhich，34are endogenous
variablesand12areexogenousvariables）．Themeasurementperioddiffbrssomewhatbyequation，
butgenerallycoverstheearly1970sto19940r1995．Theparameterswereestimatedbyusingthe
restrictedleastsquaresmethodfortheconstructionofproductionfunctionsandbytheordinary
leastsquaresmethodhralltheothers．
The modelis of a standard typeincluding the ordinary Keynesian modelin the
expenditureblock，buthasseveralspecialfeatures．Thesepoints are explained alongwiththe
h・ameWOrkofthemodelshowninFig．1．
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Fig．1．FJ°WM°del（Summary）
（Expenditureblock）　　　　　　　　　　（Priceblock）　　　　　　　　　　　　　　（ProductionBlock）
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TheproductionblockofthemodelincorporatesCobb－Douglastypeproductionfunctions．
Employed persons，lnPut factorsin production，are determined bythe employment and
distributionblock，CaPitalstockofprivateenterprisebytheexpenditureblock，andknowledge
StOCkbytheR＆Dblock．ThepotentialGNP（potentialproduction）isestimatedbytheequations
brestimationoftheproductionfunctionssettingtheoperatingrateofthecapitalstockasthe
upperlimit・ThepotentialGNPdeterminestheexplanatoryvariablesoftheconsumptioIlfunction，
thatis，the employeesincome and consumption expenditure deflator and therebyinfluences
private丘nalconsumptionexpenditure．Therefore，thismodellSSetuPSOthatdeterminationof
demandfaroverthepossibilitiesofproductionisnotpossible．
The biggestfeature ofthis modelis theincorporation ofa R＆D block to describe the
PrOCeSSOfendogenousgrowthproducedbyR＆D．TheR＆Dblockiscomprisedofthreesectors：the
Privatesector，Publicsector，andtechnologyimports．Thevariablesoftheprivateknowledgestock，
publicknowledgestock，andimportedknowledgestockareestimatedfromeachsectorbythelater
de丘nedmethod・Thetotaloftheseknowledgestocksisintroducedintotheproductionfunctionsso
astodescribethedirecte飴ctofR＆Donoutput．
Further，inthismodel，theknowledgestockisassumedtonotonlyhaveadirecte鮪ctof
enhanCingpotentialsupplycapabilities，butalsotohavethefollowingindirecteffbcts：
1）　Privateknowledgestockinducesprivateenterpriseplantandequipmentinvestmentin
theprocessofbeingcommercialized．
2）　　PublicknowledgestockinducesplantandequipmentinvestmentinprivateR＆Dthrough
thespillovere飴cttotheprivatesector．
3）　　Private knowledge stock and public knowledge stock enhance international
COmPetitivenessinindustryandincreaseexports．
Notethatthe．’privateR＆Dinvestment▼’spokenofheremeansresearchexpensesusedby
COmpanies，Private researchinstitutes．andprivate universities，While public R＆Dinvestment
means research expenses used by central　government－OWned andlocal government－OWned
researchinstitutes，gOVernment－amliatedagenciesandresearchinstitutions，and nationaland
Publicuniversities．
ThefindingsoftheconstruCtionofproductionfunctionsalludedtoherearediscussedin
detailin section4，Whilethe丘ndings ofconstruCtion ofthe modeloftheindirect effbcts of
knowledgestockaretakenupinsection5．Seematerial（1）forthedatausedfortheconstruCtion，
Whileseematerials（2）and（3）forthedetailsonthesimultaneousequations．
（2）　MethodofMeasurement°fKnowIedgeSt°Ck
ThetechnologlCalknowledgestockismeasuredbythefollowingequation：2）
Rt＝RFl＋（トの★RH…‥①
Where，Rt：teChnologicalknowledgestockintimet
RFt：teClm010gicalknowledgeflowintimet
6：Rateofobsolescenceoftechnologicalknowledge
The”technologlCalknowledgeflow－1spokenofhereisnottheR＆Dinvestmentofthetime，
butthe resultofR＆Dinvestmentmadeinthepastrealizedinthattime througha gestation
period（R＆Dlag）．
Notethatthetechnologicalknowledgestockofthebenchmarkyearisfoundasfollows：
Equation①maybechangedto
RFt＝R，－（1・の★Rl＿l
＝帆／R．＿1－1）＋∂PRl＿t
Fromthis，
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R卜一＝RFt／（g＋6）
Where，g：grOWthrateofR
Here，aSSumingthatthegrowthrateofthestockandthegrowthrateoftheflowareequal，
thetechnologicalknowledgestockinthebenchmarkyear（tb）becomes：
Rt。＝Eかノ（g＋∂）…．②
Where，Etb＋1：R＆Dinvestmentintimetb＋1
0fthe data requiredwhen estimatingthe technologicalknowledge stockbythe above
method，yearly data onR＆Dinvestmentis availablefromthe Managementand Coordination
Agency，Kag三速吐血出血口は圭迫邑a（SurveyofResearchandDevelopment），butthereisonlyad
hocsurveydataontherateofobsolescenceoftechnologicalknowledgeandtheR＆Dlag．Here，aS
relatively recent survey data，reference was made tothe Economic ResearchInstitute ofthe
Japan Societyfor the Promotion ofMachineIndustry andthe MitsubishiResearchInstitute
（1991）andtherateofobsolescenceandthetimelagsetasshowninTablel．3）
NotethattheflowwithrespecttoimportedknowledgestockisnottheR＆Dinvestment，
but the payments madeforthe cost ofimportation of technology．This diffbrsfrom R＆D
investmentinthatitispaymentmadealongwithintroductionoffinishedtechnology，SOthelag
untilembodimenttoknowledgestockisOyears，butobsolescenceisassumedtoproceedatthe
SamepaCeaSWithprivateknowledgestock．
Table2showsthedataoftheestimatedknowledgestock．Intheestimation，thedataon
theR＆DinvestmentandpaymentsmadebrthecostofteChnologyimportsisconvertedtoreal
termsbyanR＆Ddeflatorbasedon1990．Sincethereisalmostnodi鮪renceamongsectorsinthe
rateofobsolescenceassumedasapremisewhenestimatingtheknowledgestock，thediffbrences
ingrowthinflowarereflectedsubstantiallyasisinthegrowthofthestockineachsector．R＆D
investmentincompanies，includedintheprivatesector，greWParticularlyfhstinthe1980S，SO
there was a remarkableincreaseintheprivate knowledge stock startinginthelate1980S as
showninFig．2．Ontheotherhand，thepublicknowledgestockandimportedknowledge stock
remainedfairlylevel．Therefore，inthesectoralsharesshowninFig．3，Clearlytheshareofthe
Privatesectorinthetotalknowledgestockincreased．Theshareoftheprivateknowledgestock
was60％in1972，butreached80％in1995．
4．　MeasurementofDirectEffectofKn°WLedgeStockbyProducti°n
Functi°nM°deI
This section analyzes the direct effbct ofR＆D on output based onthe results of an
estimatebytheproductionfunctionmodel．
（1）　ResuItSOfEstimatebyPr°ductionFunctionModel
Hicks－neutral technological change WaS aSSumed andthe丘）llowing expandedlinear
homogeneousCobbs－Douglastypeproductionfunctionwasintroducedintotheproductionblockof
thismodel．4）
Y＝A（PK）aLトaRγ……③
where，Y：RealGNP
A：Constant
P：Operatingrateindex
K：Realcapitalstockofprivateenterprise
L：Numberofemployedpersons
R：Totaltechnologicalknowledgestock
Thelogofthetwosidesofequation③wastakenandtheparametersestimatedbythe
restrictedleastsquaresmethod．Theresultsareshownbelow：
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lnY＝－1．398＋0．3010411n（K）＋0．6989591n（L）＋0．1641901n（R）
（－5．87）（8．70）　　　　（20．21）　　（5．55）
Estimationperiod：1973to1994
R2＝0．9981，DW＝1．376，毎uresinparenthesesaretval。。S
TabIel・Premises°fEstimation°fKnowIedgeSt°Ck
Privateknowledge Publicknowledgestock Importedknowledge
s ck sto k
Rateofobsolescence lO．20％　　　　　　　　　　10．30％　　　　　　　　　　　10．20％
Timela ears　　　　　　　　　　　　8ears O
Note：SetwithreferencetoEconomicResearchInstituteoftheJapanSocietyhrthePromotionof
MachineIndustryandMitsubishiResearchInstitute（1991）．
Table2．TrendsinKn°WledgeSt°ck
（Unit：mi11ion
Privateknowledge Publicknowledge Imported
stock stock knowledestock Total
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
11795417
13236506
15052227
16840829
18698715
20490526
22108917
23593617
25034930
26478195
28033148
29691458
31577176
33851416
36298900
39081012
42096358
45665799
49323392
53070339
57068535
61410784
66159674
70815987
6041784
6106871
6239412
6429328
6683885
6972506
7364537
7842696
8381969
8890111
9267909
9675695
10044244
10422218
10897687
11360906
11777415
12208076
12597948
12985026
13368536
13791678
14281362
14889668
1932220
2131722
2208636
2273460
2319906
2364855
2399189
2475356
2519684
2572499
2636825
2685593
2722654
2763610
2771573
2801506
2852169
2901728
2977658
3062001
3154675
3188755
3224801
3276177
19769421
21475099
23500275
25543617
27702507
29827887
31872643
33911669
35936583
37940806
39937882
42052747
44344073
47037244
49968161
53243424
56725942
60775602
64898999
69117366
73591746
78391217
83665837
88981832
Notes：RealvaluesbasedonR＆Ddenator（1990＝100）．
ー7－
Fig．2．TrendsinKn°WledgeSt°ck
Fig・3．Sect°ralShares°fKn°WledgeSt°Ck
－8－
The parameters are all statistically signl丘cant and the coefnclentS Of determination
extremely high．The value of the Durbin－Watson ratioindicates thatthe conclusion of the
Validationofthehypothesisrelatingtothe且rststageauto－COrrelationisreserved，butcompared
Withthepriorresearch，the丘tnessofthemodelshownbytheresultsoftheestimatewasgood．
（2）　Degree°fContributionofKn°WIedgeStocktoEconomicGrowth
Next，ananalysis willbe made ofthe contributionofthe knowledge stockto economic
growthusingtheproductionfunctionmodelconstructed．
Ifequation③ispartiallydiffbrentiatedfortime，thefo110wingequationisobtained‥
寸／Y＝α・（PK）／（PK）＋（1－a）・i／L＋γ・姦／R…‥④
Theitemsontherightsideofequation④indicatethedegreeofcontributiontogrowthof
Y．
Table3shows measurements ofthe average annual degrees ofcontributlOn Of each
explanatoryvariable onthe realGNPgrowthratebreachofthelate1970S，early1980S，late
1980S，and early1990s using estimated parameters and the calculation of the rates of
COntributionusingthe growthrate aslOO．Figure4graphsthe resultsofmeasurementofthe
degreesofcontribution．
Theaverageannualrealeconomicgrowthratefe11fromthe4．6percentofthelate1970sto
3percentintheearly1980sandthenreturnedonceagaintothehighlevelof4．6percentinthe
late1980S，butdroppedtremendouslytothelevelof2percentintheearly1990sandtherebydrew
acyclicpatternOffluctuation．Duringthatperiod，thedegreeofcontributionofcapitaltoeconomic
growthwashighestinthelate1970S，butsubsequentlyfbllsteadilytotheearly1990S．Thedegree
Ofcontributionoflaborgraduallyincreaseduntilthelate1980S，butfelltothelevelbelowthatof
thelate1970sintheearly1990S．Thedegreeofcontributionoftheknowledgestockdroppedfrom
thelate1970s tothe early1980S，then held fairly steady，but rose remarkablyin relative
lmpOrtanCeduetotheslowgrowthinthedegreesofcontributionofotherinputfactorsandinthe
early1990sbecamethelargestgrowthfactorofal1．
5・lndirectEffects°fKnowledgeStock
Asexplainedabove，inthismacro－eCOnOmicmodel，theknowledgestockisassumedtonot
Only have a directeffbcton output，butalso threeindirect economiceffbcts．Inthis section，a
reportlSgivenontheresultsofconstructionofamodelrelatingtovarioushypotheses．
（1）　EffectofPrivateKnowledgeStockonJnducingPrivateEnterprisePlantand
EquipmentJnvestment
The modelofthe private enterprise plantand equipmentinvestment（lnVeStment
function）hypothesizesthatplantandequlpmentinvestmentisinducedintheprocessofprivate
knowledge stock being commercialized．First、an equationis constructed adding private
knowledgestockasanexplanatoryvariabletotheaccelerationprincipletypeinvestmentfunction
asibllows：
RealprivateenterprlSePlantandequipmentinvestment
＝・1894．87＋0．534470（increaseinrealGNPoverpreviousyear）
（－1．17）（6．20）
＋0．000107（privateknowledgestock）
（1．66）
一91
＋0．874633（realprivateenterpriseplantandequipmentinvestmentofpreviousperiod）
（15．44）
＋3177．46（1988－1990dummy）
（1．87）
Estimationperiod：1974to1995
R2＝0．9914，毎uresinparenthesesindicatetvalues
Table3．C°ntributi°n°fPr°ducti°n Fact°rSt°Econ°micGr°Wth
（1）　AverageAnnualDegree°fc°ntribution
Unit：％
RealGNPgrowth　Capitalstock Numberof Knowledgestock
rate emerSOnS
1975－1979　　　　　　　4．62
1980－1984　　　　　　　3．06
1985－1989　　　　　　　4．64
1990・1994　　　　　　1．94
??????? ?????? ???????????
Note：Estimationerroreliminatedtonormalizedata．
（2）　AverageAnnua］Rate°fC°ntributi°n
（Unit：％
RealGNPgrowth Capitalstock Numberof Knowledgestock
rate em
1975－1979　　　　　　100．00
1980－1984　　　　　　100．00
1985－1989　　　　　　100．00
1990－1994　　　　　　100．00
58．44
51．96
53．23
30．93
14．94
21．57
21．12
26．29
erSOnS
26．62
26．47
25．65
42．78
Note：Estimationerroreliminatedtonormalizedata．
Fig．4．Breakd°WnOfDegree°fC°ntributiont°EconomicGrowthRate
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PrivateenterpriseplantandequlPmentinvestmentroseremarkablyfrom1988to1990，
fellStartingin1992andreturnedtothelevelof1988in1994．Thisportionoffluctuationwas
absorbedbytheannualdummyvariable．
The丘tnessofthis modelishigh，butthe parameteroftheprivate knowledge stockis
unstableandthetvalueisatalevelnotenablingthenullhypothesistoberejectedata5percent
levelofsignificance．Ifthelogoftheprivateknowledgestockistaken，however，aSShownbythe
bllowingresultofestimation，theparameterofthevariablebecomessigni伝cantatthecritical
region5percentlevel．
Realprivateenterpriseplantandequipmentinvestment
＝74452．2＋0．485197（increaseofrealGNPoverpreviousyear）
（－1．95）（5．38）
＋4485．61IJOG（privateknowledgestock）
（1．88）
＋0・860771（realprivateenterpriseplantandequipmentinvestmentofpreviousperiod）
（14．96）
＋3264．34（1988・1990dummy）
（2．06）
Estimationperiod：1974－1995
R2＝0・9914，ngureSinparenthesesindicatetvalues
Theresultsofestimationoftheinvestmentfunctionwereadoptedbrthismacro－eCOnOmic
model．
Notethattoexplaintheeffbctofbusinessfluctuationsasexplainedabove，anattemPtWaS
madetoconstructacapitalstockadjustedtypeinvestmentfunctionincludingademand－SuPPly
gap（potentialGNP／realGNP）intheexplanatoryvariables，butthedecisionwasmadetousethe
aboveresultsofestimationaftercomparingthe丘tnessofthemodels．
（2）　EffectofPublicKn°WledgeSt°ck°nlnducingPrivateR＆Dlnvestment
Asexplainedinsection2，SeVeralpreviousstudiestooknoteoftheeffbctofgovernment
R＆DininducingR＆Dinvestmentintheprivatesector．Inthismodelaswell，theindirecteffbcts
wereconsideredandthefollowingequationconstructedincludingthepublicknowledgestockin
theexplanatoryvariablesofprivateR＆Dplantandequipmentinvestment．
RealprivateR＆Dplantandequipmentinvestment
＝7066654
（6．09）
＋31252．9（realprivate R＆D plant and equipmentinvestment ofprevious period／realprivate
enterpriseplantandequipmentinvestmentofpreviousperiod）
（4．38）
・7623487（demandandsupplygapofpreviousperiod）
（一7．06）
＋0．116075（publicknowledgestock）
（15．43）
Estimationperiod：1975－1995
R2＝0．9500，毎uresinparenthesesindicatetvalues
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Here，the thinkingis adopted that private R＆D plant and equipmentinvestmentis
basicallygovernedbytheratioofR＆Dplantandequlpmentinvestmentinthetotalplantand
equipmentinvestment ofthe previous period．This variableis stable since total plant and
equipmentinvestmentandR＆D plantandequipmentinvestmentare similarinmovement．A
SeparateVariablebecomesnecessaryforexplainingtheeffbctofbusinessfluctuations．Thel・ebre，
the variable ofthe demand－SuPPly gap ofthe previous period wasintroduced，Whereupon as
explained above，allofthe parameters were significant and results ofestimationwith a high
goodnessof丘twereobtained．Anegativesignofthedemand－SuPPlygapmeansthatR＆Dplant
andequlpmentinvestmentissuppressedinperiodsofbusinessrecessionwhenpotentialsupply
Capabilityexceeddemand．
Judgingfromtheresultsofestimationofthismodel，thehypothesisthatgovernmentR＆D
investmentinducesprivateR＆Dinvestmentissupported．
（3）　Enhancement°Hnternati°naJCompetitivenessbyPrivateandPubJic
KnowledgeSt°ck
This model assumes　that private knowledge stock and public knowledge stock enhance
internationalcompetitiveness andincrease exports．Withanexportfunctionusingstock as an
explanatoryvariableinadditiontotheexchangerate，relativelygoodresultsofestimati〇nⅥTCre
Obtainedwiththefo110winglogarithmictypemodel：
LOG（realexportsandincomesfromabroad）
＝15．2832＋0．382447LOG（exchangerate）
（－8．80）（4．36）
＋1．360．14LOG（privateknowledgestock＋publicknowledgestock）
（18．35）
Estimationperiod：1973－1995
R2＝0．9866，DW＝0．866，毎uresinparenthesesindicatetvalues
Thisequationwasusedinthismodel，buttheDurbin－Watsonrati00ftheaboveresultsof
estimationwasatalevelnotenablingthehypothesisofauto・COrrelationtoberejected．Room丘）r
improvementinthefutureremains．
6．lnterp°lati°nTestandPredictiveSimuIation
Forthe results ofconstruction ofequations otherthanthe models reported up tothe
PreVioussection，SeeMaterial（2）attheendofthepaper．Inthissection，arepOrtismadeofthe
resultoftheinterpolationtestofa simultaneous equation system combiningthese equations．
Further，aneXPlanationisgivenoftheresultsofapredictivesimulationattemptedrelatingtothe
economiceffbctsinthecaseofthenumericaltargetofthel－ScienceandTechnologyBasicPlan”
beingrealized．
（1）lnterp°Lati°nTest
Ordinaryinterpolationtests（partialtest，tOtaltest，and丘naltest）wereconductedonthe
developed macro－eCOnOmicmodeltochecktheperformance．The average rate oferrorforeach
variableaccordingtothetestsisshowninMaterial（4）．5）
Thequalityoftheper丘）rmanCeOfthemacro－eCOnOmicmodelwasnnallyjudgedreferring
totherateoferrorobtainedbythefinaltest，butthereisnostatisticalcriteriaforjudgement
COnCerningthe range ofallowance ofthe rate oferror．Accordingto Murota etal．（1992），the
yardstickisthattherateoferrorbewithin2to3percentformajoritemsliketheGNP．Inthe
負naltestofthismodel，therateoferroroftherealGNPwasjustl．89percent，SOitwasjudged
thatthismodelwassuitableformediumandlongtermpredictivesimulation．
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（2）　Predicti°n°fEconomicEffectsbyAchievementofTargetof‖Scienceand
Techn°logyBasicPlan”
Thecurrentpredictivesimulationattemptedtocalculatetheeconomiceffbctinthecaseof
achievementofthetargetof一一makingthe totalsize ofscience andtechnologyrelatedexpenses
from丘scal1996to丘sca12000approximatelyl．7trillionyenf．ofthef’ScienceandTechnologyBasic
Plaパ．．
Inthismodel，theresearchexpenseusedbythepublicsector，aneXOgenOuSVariable，isset
byanominalvaluebyiteⅡ1．AsshowninTable4，an’Taugmentationcase’’wherethetotalofthe
nolninalresearchexpensesofthepublicsectorreachesabout1．7trillionyenfrom1996to2000
andthe’一trendcase”wherethegrowthrateofnominalresearchexpensesfo110wsthetrendofthe
pastlOyearsandthetotalduringthesameperiodremainsonlyapproximatelyl．54trillionyen
WereSetandacomparisonmadeoftrendsintherealGNPstarting丘omtheyear2000inthetwo
CaSeS．
TabIe4．Premises°fG°Vernment R＆Dlnvestmentin PredictiveSimu］ation
（1）　Augmentati°nCase
（Unit：million
Total Personnel Material ExpenseS丘）rpurChaseoftangible
＿＿　＿▼▼▼＿＿＿＿▼＿▼＿qp．甲斐至 enses　　　丘Xedasset
??ー???????????????????? ????????????? ???????????????
2879004
2798179
3064287
3365703
3707584
4095859
4306088
4528239
4763035
5011242
5273676
5551205
5844750
6155294
6483877
6831610
1258036
1280156
1318561
1358118
1398861
1440827
1484052
1528573
1574430
1621663
1670313
1720423
1772035
1825196
1879952
1936351
908962
965157
1109931
1276420
1467883
1688066
1802854
1925448
2056379
2196212
2345555
2505053
2675396
2857323
3051621
3259131
712006
552866
635796
731165
840840
966966
1019182
1074218
1132226
1193366
1257808
1325729
1397319
1472774
1552304
1636128
????? ．
Figuresupto1996arereal丘guresfromManagementandCoordinationAgency，＿也血＿＿g血塊鎚
k旦速通迫a（SurveyofResearchandDevelopment）．
Therateofgrowthofpersonnelexpenseswas丘xedto3％，thesameasthetrendcase．Theratesof
growthofmaterialexpensesandexpensesforpurchaseoftangible丘Xedassetsweresetas15％for
1997to2000．Bythis，thetotalfor1996to2000becomesabout1．7trillionyen．Later，thesamerates
Ofgrowthasthetrendcasewereset．
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（2）　TrendCase
Unit：million
Total Personnel Material　　Expensesforpurchaseoftangible
enSeS eXenses　　　fiⅩedasset
???????????????????????? ?????????????（??????????? ??
2879004
2798179
2932069
3073186
3221956
3378829
3544286
3718835
3903018
4097410
4302622
4519303
4748143
4989876
5245281
5515187
1258036
1280156
1318561
1358118
1398861
1440827
1484052
1528573
1574430
1621663
1670313
1720423
1772035
1825196
1879952
1936351
908962
965157
1030788
1100811
1175741
1255692
1341079
1432272
1529666
1633684
1744774
1863419
1990131
2125460
2269992
2424351
712006
552866
582721
614188
647354
682311
719156
757990
798922
842063
887535
935462
985977
1039219
1095337
1154485
????
? ．
Figuresupto1996arereal丘guresfromManagementandCoordinationAgency，＿監剋運転し由
』直也且d迫迫（SurveyOfResearchandDevelopment）．
Theratesofgrowthoftheexpenseitemswere丘Ⅹedtotheaverageannualratesofgrowthof1995to
1994．Thatis，therateofgrowthofpersonnelexpenseswassetto3％，therateofgrowthofmaterial
expenseswassetto6．8％，andtherateofgrowthofexpensesforpurchaseoftangible丘Xedassets
wassetto5．4％．Inthiscase，thetotalfor1996to2000becomesabout1．54trillionyen．
Notethatthepremisesofthe otherexogenousvariableswere setasfollows．Thelabor
forcepopulationwassetwithrefbrencetothemedianestimateoftheproductiveagepopulation
according totheInstitute ofPopulation Problems，Ministry ofHealth and Welfare，辿且＿＿＿BQ
旦圭城主aLjid迫＿＿旦由k旦皇（Estimate ofFuture Population ofJapan）．The exogenous variablesinthe
SyStemOfnationalaccountsweresetwithrefbrencetothetrendsinthepastlOyearsorso．That
is，itwasassumedthattherealgovernmentfinalconsumptionexpenditurewouldgrowbyarate
Of2．4percentandtherealpublicfixedcapital丘）rmationbyarateof3．2percentandthatthereal
Private enterpriseinventoryinvestment would bel trillion yen a yearand the realpublic
enterpriseinventoryinvestmentOyenayear．Further，theexchangeratewasmadetheactual
ratesfor1996and1997andthenratesrisinglyenayearfromUS＄1＝115yenstartingfrom1997．
Theofncialdiscountratewasmadetheactualratesfor1996and1997andthenratesrislngin
StageSOfO．5percenttoreach2．5percentin2010．
Inthismodel，SincethetimelagforR＆Dinvestmentbythepublicsectortobeembodled
in knowledge stock was assumed to be eight years，the diffbrencein public knowledge stock
betweenthetwocasesappearsafter2005．AsshowninTable5，thediffbrenceinpublicknowledge
stockbetweenthetwocasesstartsgrowingin2005resultinglnadiffbrenceof2．43trillionyenin
2010betweentheabout27．2trillionyenoftheaugmentationcaseandabout24．7trillionyenin
thetrendcase．Further，in2009，1buryearsafter2005，adiffbrencewillstarttoappearbetween
thetwocasesintheknowledgestockduetoprivateR＆Dinducedbythepublicknowledgestock．
Theaugmentationcaseofprivateknowledgestockin2010willexceedthetrendcaseofabout60
billionyen．Notethatintheimportedknowledgestock，thestockofthetrendcasewillslightly
exceedtheaugmentationcasestartingin2006．Thisisduetothediffbrenceinthedeflatorsofthe
twocases．Inthetotaloftheknowledgestockin2010，theaugmentationcasewillexceedthetrend
CaSeOfabout2．49billionyen．
Thisdiffbrenceintheknowledgestockisreflectedinthediffbrenceoftheeconomicgrowth
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rateinthetwocases．AsshowninTable6，thediffbrenceintherealGNPbetweenthetwocases
Willsurfacestartingin2005．Bytheyear2010，l・ealGNPwillreachabout762trillionyen（3．4％
realgrowthrateoverthepreviousyear）intheaugmentationcase，Whilewillitwouldreachabout
754trillionyen（3・2％rPalgrowthratePVerthepreviousyear）inthetrendcase・Thatis，the
realizationofthenumerlCaltargetgivenlnthe…ScienceandTechnologyBasicPlan▼一willraisethe
realeconomicgrowthratearoundtheyear2010byO．2percentpointandgiverisetoanadditional
realaddedvalueofabout8trillionyen．
In the current simulation，When setting common valuesforboth cases br exogenous
VariablesotherthanpublicR＆Dinvestment，uSeWaSmadeofanoptimiSticscenarioreferringto
PaStlongtermtrends，thereforetheeconomicgrowthratefortheyear2010isahighlevelofover
3percentevenintheresultsofpredictionbythetrendcase．Whenseenfromtheviewpointofcost
effbctiveness，however，thediffbrenceinthetwocasessuggestsaremarknbleeconomiceffbctdue
totheexpansioninpublicR＆Dinvestment．
Thatis，SincethedifEbrenceinpublicknowledgestockbetweenthetwocasesin2010is
about2trillionyen、thediffbrenceof8trillionyenintherealGNPcorrespondstoaboutburtimes
that．Further，Sincethediffbrenceintotalresearchexpensesusedbythepublicsectorinthetwo
CaSeS免・Om1996to2000isaboutl．6trillionyen，theresultsofthepredictionsuggestthatthis
diffbrenceinnominalflowresultsinadditionalrealaddedvalueof8trillionyeninjusttheone
yearof2010afterthetimelagofR＆D．Consideringthisresultofprediction，realizationofthe
numericaltargetofthe一’Science andTechnologyBasicPlan一一canbeexpectedto glVerise to a
Sufncientlylargeeconomice飴ct．
7．　　Considerationsand FutureIssues
Inrecentyears，lnPutOfcapitalandlaborintheJapaneseeconomyhasbeenremarkably
Stagnant．Duringthe same period，however，grOWthin theknowledge stock has supported
economic growth．In the early1990S，an aVerage　annualgrowth of about2　percent was
maintained－thoughwithdifficulty．Theincreaseintheknowledgestocksupportinggrowthinthe
earlyl990swasmainlyduetothebusyprivatesectorR＆Dconductedinthe1980sembodiedafter
atimelag．TherewasminusgrowthrecordedinprlVateSeCtOrR＆Deachyearfrom丘sca11992to
丘scal1994．ThismakesitdifnculttoexpectfutureeconomicgrowthfromgrowthintheprlVate
knowledgestock．Ontheotherhand，themaininputfhctorofproduction，thatis，1abor，isexpected
to slowingrowthinthefuture aswelldue tothestagnationinpopulation．Further，thereare
frequentobservationsthat growthin capitalwillstagnate due tothe fallinthe savings rate
accompanyingthehigherproportionofseniorcitizensinthepopulation．
To maintain a certainlevel of economic growth under this type of macro－eCOnOmic
environment，maintaininggrowthintheknowledge stock，Whichisafactorofgrowth，through
expandedgovernmentR＆Dinvestmentbecomesessential．GovernmentR＆D requiresalonger
gestationperioduntilembodimentintoknowledgestockcompal・edwithprivateR＆D．Thepublic
knowledgestockwhichisproduced，however，nOtOnlycontributestogrowthasadirectgrowth
fhctor，butcanalsobeexpectedtoadditionallygenerateeconomicvaluefhrabovetheincreasein
governmentR＆Dinvestmentthroughindirecte胝ctssuchastheinducementofprivateR＆D．
Whiletheabovewasaconclusionreachedfromworkondevelopmentofamacro－eCOnOmic
modelandpredictive simulationinthisstudy，thisnndingmustbereconsidered fromdiverse
Viewpointsintheprocessofimprovementofthemacro－eCOnOmicmodel．Mainfutureissues丘〉r
Studyarelistedbelow：
（1）　Thesimulationmadepossiblebythepresentlydevelopedmacro・eCOnOmicmodelrelatesto
theeffbctsofpolicycontroloftotalgovernmentR＆Dinvestment．Ifitcanbeappliedtosimulation
Of the e鮎cts of structural changesinthe allocation offunds，nOt Onlythe total，thenthe
Signi缶canceofthemodelasatoolforassistingdecision－makingintheprocessofpolicymaking
COuldbe substantiallyimproved．Forexample，inthecurrentmodel，the exogenousvariable of
government R＆Dinvestmentis given by expense，but the possibilitythatthe effbcts of
governmentR＆DinvestmentwoulddiffbralongwithchangesinthebreakdownoftheexpensesIS
not considered．Consideringthis point，predictive simulationcontributing to discussions ofthe
balanceamongexpenseswouldbecomepossible．Inthecurrentmodel，further，gOVernmentR＆D
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Table5．TrendsinKnowledgeSt°ckAcc°rdingt°PredictiveSimuIati°n
（1）　Augnentati°ncaSe
Unit：million
FiSCalyear Privateknowledge PubliCknowledge Imported Total
stock stock knowledestock
????????????????? ??????????????? ????????????????????????
86196560
89024790
92784820
97085400
101691700
106527800
111598900
116970800
122658000
128681000
135077800
17336750
18115060
18734530
19600020
20294180
21124110
22100710
23240640
24563410
25885930
27216440
3635788
3676275
3710463
3738918
3761902
3779726
3792452
3800101
3802761
3800623
3793904
107169098
110816125
115229813
120424338
125747782
131431636
137492062
144011541
151024171
158367553
166088144
（2）　TrendCase
（Unit：mi11ion
Fiscalyear Privateknowledge Publicknowledge Imported
stock stock
????????????????? ??????????????? ??????????????
86196560
89024790
92784820
97085400
101691700
106527800
111598900
116970800
122658000
128665900
135013400
17336750
18115060
18734530
19600020
20294180
20998110
21713710
22446030
23200010
23981400
24793670
knowledestock
3635788
3676275
3710463
3738918
3761902
3779726
3792485
3800255
3803193
3801563
3795613
107169098
110816125
115229813
120424338
125747782
131305636
137105095
143217085
149661203
156448863
163602683
Table6．TrendsinRealGNPAcc°rdingtoPredictiveSimuLation
（Unit：blllion
Fiscalyear Augment，ationcase（a）　　　Trendcase（b）
??????????????????????????
????????????????
????????????????? ????????????????? ???????????????
563049
575604
590481
608028
626124
645034
664925
685898
707590
730369
753709
????????
????????
????????????????? ????????????????????
16
istreated as one sector．Ifthis canbe dividedby丘eld，thenpredictive simulationrelatingto
Changesinthedistributionoffundsbyfieldwouldbecomepossible．
（2）　AmongtheR＆Drelatedmeasuresleadingtotheexpansionoftheknowledgestock，there
aremeasuresforpromotingR＆Dinvestmentintheprivatesectorthroughtaxincentivesetc．in
addition to R＆Dinvestment by the governmentitself．Further，R＆Dfunds paidfor by the
governmentaresometimesusedinsomeprivatesectorsthroughcommissionsetc．inadditionto
beingusedinnationalresearchinstitutes，nationaluniversities，etc．Further，SubsidleSetC．are
usedtoassistprlVateSeCtOrR＆Daswell．IncorporatingthisvarietyofR＆Drelatedmeasuresas
Variablesin the mode180aS tO enable predictive simulation contributing to a more effective
SelectlOnOfthepolicymlXWillbeanimportantareabrstudyinthefuture．
（3）　To notonlyconduct apredictive simulationrelatingto the effbctofa given numerical
target，buttoalsodealwiththeproblemofwhatleveltosetthenumericaltargetofgovernment
R＆Dinvestment，itis necessarytomodifythemodelsoastoenable evaluationofthe effbctof
ChangesinbudgetallocationstopublicinvestmentotherthangovernmentR＆D．
り）　The dataonthe tlmelagofR＆D and．the rate ofobsolescence ofknowledge cited丘Ⅹed
Values丘om tindlngS Ofexistingsurveys．These values，however，maynOthaveremainedfixed
throughouttheperiodofobservationandmayhave changed．Forexample，ifR＆Dinvestment
accelerates，ingeneralthetimelagshortensandtherateofobsolescencetendstoincrease．The
behaviorofthefactorsgoverningtheamountofknowledgestockinthiswaydesirablyshouldbe
understoodfrom empirical data andthe timelag and rate of obsolescenceincorporated as
endogenousvariables．
（5）　Inresearchuptonow，includingthepreviousstudies，theunspokenpremiseindealing
Withthevariableofknowledgestockwasthatallknowledgeisused．Inthesamewayasnotall
CaPitalstockisoperatedinproductionactivities，theremaybe portionsoftheknowledge stock
whlChareactuallyputtouseandportionswhichareheldaslatentresources．Therebre，ifthe
concept ofthe operating rate can beintroducedinto the variable ofknowledge stock，factors
innuencingtheoperatingrateofknowledgecanbehund，andthosefactorsbuiltintothemodel，it
wouldbepossibletoassesStheeffbctsofpolicyfromdiverseangles．Howtomeasuretheoperating
rateofknowledgeisinitselfadifhcultmatterbrstudy，butitshouldbepossibletoobtainagrasp
ofanindexl・ePreSentativeoftheoperatingratebyrefbrringtodataonsurveysrelatingtothe
stateofunusedpatentsownedbycompaniesanddataonpatents，paPerS，andothercitations・
（6）　Thecurrently developedmodelconsideredasthe effbctwhichR＆Dconductedoverseas
hasontheJapaneseeconomyonlytheeffbctofknowledgestockintroducedthroughtechnology
lmpOrtS．Knowledgestockofanatureofapublicassetformedbybasicforeignscientificresearch
howevernowsintoJapanthroughthe technologymarket and canhave an e飴ctoneconomic
growth．Conversely，PublicassettypeknowledgestockfbrmedbyR＆DinJapanspreadsoverseas
notdependingontechnologyexportsandcanbebene丘cialtotheeconomieswhereitflows・Ifthe
effbctofexternaleconomiesthroughthe spilloverofsuchpublicassettypetechnology among
countriescouldbegraspedquantitativelyandincorporatedintoamodel，itwouldbepossibleto
forecasttheglobaleconomiceffbctsofgovernmentR＆Dinvestment．
（7）　Oneoftheissuesremainingrelatingtothegeneralpartofamacro－eCOnOmicmodelisthe
lmprOVementtOamOrepreCisemodelsinceinthismodeltheemploymentanddistributionblock
lnParticularusedanextremelysimplestructure．
Finally，aPOintwhichshouldbestressedinfutureresearchisthatthennaltargetofthis
researchisnottomakeamoreprecisepredictivesimulation．Theprocessofrepeatedstudyofthe
model，inwhichconsiderable roomremainsforimprovement，SO aStO Clarifythe complicated
CauSeandeffbctrelationshipbetweenR＆Dandeconomicgrowthitselfwouldcontributetothe
development of techniquesfor prior evaluation of government R＆Dinvestment．Further，
continuationoftheworkforimprovementofthismodeltakingintoconsiderationpolicyissues
itselfwouldhaveslgni丘canceforthemacro・eCOnOmicmodelasatooltbrtestingoutthinkingin
thepolicy一makingprocess．Gettingthetoolinthissenseusedincommonbypolicymakersisthe
malngOalofthisstudy．
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［Notes］
1．Theprototypeofthemodelreportedherewascompletedinthefhllof1995andpresentedby
Nagata（1995）．The prototype was comprised ofa totalof26simultaneous equations and
included35variables（including26endogenousvariablesandnineexogenousvariables）・For
estimationofthe parameters，data血・Om thelate1960s to1991was used．Later，however，
Startingin1992，theJapaneseeconomyenteredaperiodofbusinessrecession．Further，data
Onthesystemofnationalaccountswasrevisedtoa1990standard．ThismademaJOrreVisionin
themodelnecessaryandledtothedevelopmentofthemodelreportedhere．Thecurrentmodel
diffbrsfromtheprototypeintheperiodofestimationofthedataandthebenchmarkyearand
alsostructuralchangessuchastheexpansionoftheemploymentanddistributionblockand
the price block．NotethatinApril1996，atthe request ofthe Ofncefor Promotion ofthe
DraftingoftheScienceandTechnologyBasicPlanestablishedintheScienceandTechnology
Agency，theprototypewasusedtomakeatrialpredictivesimulationoftheeconomiceffbctof
doublinggovernmentR＆Dinvestment．Thediffbrencebetweenthe丘ndingsoftheprediction
announcedatthattimeandthe丘ndingsofthepredictionofthisreportweremainlyduetothe
abovediffbrencesinthemodelandthedataused．
2．Fordetailsonthemethodofmeasurementofthetechnologyknowledgestock，SeeGoto（1993）．
3．FortherateofobsolescenCe，theaveragevalueofthetotalofindustriesofthesurveywasused
fortheprlVateknowledgestockandimportedknowledgestockandtheaveragevalueofthe
totalfor universities and researchinstitutes was usedforthe public knowledge stock．The
surveyinvestigatedthetimelagdividingitinto▼lproductionlinkedtechnostock”and”science
accumulatingtechnostock．一．Thetimelagbrprivateknowledge stockwasfoundtobe丘）ur
yearsbytakingtheweightedaverageofthe”productionlinked”1agofthetotalofindustries
andthel－scienceaccumulatingHlagofthetotalofuniversitiesandresearchinstitutesbythe
shareofprivateR＆Dinvestmentbyinstitutions．Forthetimelagofpublicknowledgestock，
the一▼science accumulatingtype’’lag ofthe totalofuniversities and researchinstitutes was
re缶rredto．
4．Forthistypeofestimationofproductionfunctions，SincecapitalandlaborbrR＆Dembodled
inthetechnologicalknowledgestockarealreadyincludedinthedataonthecapitalstockand
numberofemployees，theproblemofdoublecalculationhasbeenpointedout．Here，however，
noprocessingwasdonetoavoidsuchdoublecalculationsinceestimationofthecapitalstock
forjustR＆Disdi瓜cult．SeeSuzukiandMiyakawa（1986）onthispoint・
5．Inthe partialtest，the calculated values were bundby substituting actualvalues丘）r all
independentvariablesandusingthemforcomparisonwithactualvalues．Inthetotaltest，the
exogenousvariablesandpredeterminedendogenousvariables（endogenousvariableswithlag）
Oftheindependentvariablesweresubstitutedbyactualvaluesandtheendogenousvariables
OftheperiodweresubstitutedbycalCulatedvalues．Inthe丘naltest，al1independentvariables
excepttheinitialvaluesoftheexogenousvariablesandpredeterminedendogenousvariables
WereSubstitutedbycalCulatedvalues．
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（1）　ListofVariables
lNationalEconomicCalCulations］
GNP Realgrossnationalproduct lbillionyen
（1990＝100）
CP Realprivate丘na1　　　　1bi11ionyen
COnSumptionexpenditure　（1990＝100）
CG Realgovernment丘nal
COnSumptionexpenditure
IH RealprlVatehousing
investment
IP RealprlVateenterPrlSe
plantandequlpment
investment
IG Realpublic丘xedcapital
fol・mation
JP RealprlVateenterprlSe
inventorylnVeStment
JG Realpublicenterprise
inventorylnVeStment
EX Realexportsandincome
丘omabroad
lbi1110nyen
（1990＝100）
1billio yen
（1990＝100）
1billionyen
（1990＝100）
1billionyen
（1990＝100）
lb11110nyen
（1990＝100）
1billionyen
（1990＝100）
1bill onyen
（1990＝100）
M Realimportsandincometo lbi11ionyen
abroad　　　　　　　　　　　（1990＝100）
GNP．N Nominalgrossnational lbillionyen
product
W Nominalpercaplta lOOOyen
COmpenSationofemployees
PTGN Potentialgrossnationa1　1billionyen
P product　　　　　　　　　　（1990＝100）
lDeflators］
P Grossnationalproductdeflator　1990＝100
PC Private丘nalconsumption　　　1990＝100
expendituredeflator
WPI WholesaleprlCeindex　　　　　1990＝100
PRD R＆Dexpensedenator　　　　　1990＝100
lCapitalStock］
KP RealprivateenterprlSePlantand lbillionyen
equlpmentCapltalstock
ROMA Operatingrateindex
（manufhcturingindustry）
［Labor］
L Numberofemployedpersons10．000
NL Laborforcepopulation
LW Numberofemployees
lFinancial］
（1990＝100）
1990＝100
EconomlCP anningAgency，AnnualReport
onNationalAccounts
ECOnOmlCPlanningAgency，AnnualReport
onNationalAccounts
EconomicPlanningAgency，AnnualReport
onNationalAccounts
EconomicPlanningAgency，AnnualReport
onNationalAccounts
EconomicPlanningAgency，AnnualReport
onNationalAccounts
EconomicPlanningAgency，AnnualRepol・t
onNationalAccounts
EconomicPlanningAgency，AnnualReport
onNationalAccounts
EconomicPlanningAgency，AnnualReport
onNatlOnalAccounts
ECOnOmicPlanningAgency，AnnualReport
onNationalAccounts
Ec nomicPlanningAgency，AnnualReport
onNationalAccounts
Econom cPlan lngAgency，AnnualReport
onNatlOnalAccounts
EconomicPlanningAgency，AnnualReport
onNationalAccounts
Estimateacc rdingtopresentmodel
EconomicPlanningAgency，AnnualReporton
NationalAccounts
EconomicPlanningAgency，AnnualReporton
NationalAccounts
BankofJapan，AnnualReportonPriceIndex
MaterialsofStatisticalBureau，Management
andCoordinationAgency
ToyoKeizaiSh mposha
MinistryofInternationalTradeand
Industry．　　　　　　　　　　　t　　．
土山恕
ManagementandCoordinationAgency，AnnualReport
ontheLaborForceSurvey
Ma agementandCoordinationAgency，AnnualReport
ontheLaborForceSurvey
ManagementandCoordinationAgency，AnnualReport
ontheLaborForceSurvey
ー23－
INTNNationalbankloancontractual　　％annual　　BankofJapan，EconomicStatisticsYearly
averageintere8trate
INTORA Officialmoneyrate
［R＆D］
PRRDL
PRRDM
PRRDC
PRRDT
PRP
RealprlVateR＆D
personnelexpenses
RealprivateR＆D
materialexpenses
RealprlVateR＆D
plantand
equlpment
investment
otalrealprlVate
R＆Dexpenses
No．ofresearchers
inprlVateSeCtOr
PURDL．N Nominalpublic
R＆Dpersonnel
eXpenSeS
PURDM．　Nominalpublic
N R＆Dmaterial
eXpenSeS
PURDC．N Nominalpublic
R＆Dplantand
equlpment
investment
PURDL RealpublicR＆D
personnelexpenses
PURDM RealpublicR＆D
matel・ialexpenses
PURDC RealpublicR＆D
plantand
PURDT
PUP
Notes：
1．
2．
3．
equlpment
investment
otalrealpublic
R＆Dexpenses
No．ofresearchers
inpublicsector
rate
％annual BankofJapan，EconomicStatisticsYearly
rate
lmillionyen ManagementandCoordinationAgency，＿丑旦p立夏山辺＿血生
（1990＝　　　　　　　・　　　　　　　　　　　　　　　ProCPSSed
lOO）　　　　　Values
lmillionyen ManagementandCoordinationAgency，＿旦幽＿也e
（1990＝　　　　　　　・　　　　　　　　・　　　　Proeessed
lOO）　　　　　Values
lmi11ionyen ManagementandCoordinationAgency，＿玉幽迫
（1990＝　　　　蝕出3型L且日録出田虹組立迦堂由四迫吐Processed
lOO）　　　　　Values
lmillionyen ManagementandCoordinatlOnAgency，＿且幽且ihe
（1990＝　　　　　　・▼　　　　　　　　　V ProCeSSed
lOO）　　　　　Values
Persons ManagementandCoordinationAgency，＿基地旦＿也e
▼　　　、　　　　　　　・　　　　　ProCeSSPd
Values
millionyen ManagementandCoordinationAgency，＿旦∈狙鑑地上圭迫
・　　　　　　　　　　・　　　　　ProCPSSed
Values
lmi lionyen ManagementandCoordinationAgency，＿盈幽迫
出必勤血皿血且ヨ直立巳盟主【狙迫eヱ虹Processed
Values
mil onyen ManagementandCoordinationAgency，＿玉幽＿也e
蝕迫コ型L止旦剋血止且豊里生血】週迫茎迫Processed
Values
lm llionyen ManagementandCoordinationAgency，且幽旦＿也e
（1990＝　　　　S退五里皇y」2£旦巳血止＿迫巳宣宣血p迫皇玉出Pl・OCeSSed
lOO）　　　　　Values
lm llionyen ManagementandCoordinationAgency，地」迫』迫
（1990＝　　　　畠鼠肺血避止迦遭由四通吐Processed
lOO）　　　　　Values
lm llionyen ManagementandCoordinationAgency，＿丑幽迫
（1990＝　　　　鮎船型L血du迅直立已里e由匹迫吐Processed
lOO）　　　　　Values
lmi11ionyen ManagementandCoordinationAgency，＿旦皇p虻L且注出迫
（1990＝　　　　鮎哩上丘旦已皇豊丘毘La墓迫丑虻e』p』必出Processed
lOO）　　　　　Values
Persons ManagementandCoordinationAgency，＿迅乏拉虻血圭追
出は曲旦a毘虹鮎迫包埋ekp遥旦夏虹Processed
Values
Materialexpensesinclude”otherexpensesl一．
Includesdataofhumanitiesandsocialsciences．
Privatesectorincludes’rcompanies一．，’’prlVatereSearChinstitutesT．，and”privateuniversities’’．Public
sectorincludes．’centralgovernment－OWnedresearchinstitutesl’，’．localgovernment－OWnedresearch
institutes”，．’government・affiliated agencies and reseal・Chinstitutes．1，”nationaluniversities．一，and
－24－
”publicuniversities’’．
［TechnologyImports］
TECHIM．N Nominal lmillionyen GeneralManagementandCoordinationAgency，＿
technology　　　　　　　　　　　　旦星団出』L出立且g£曲鋭匙塩屋羞迫旦皇遭塾凶迫出
imports ProcessedVallleS
TECHIM Realtechnology lmillionyen GeneralManagementandCoordinatlOnAgency，，
imports　　　　　（1990＝100）　　塾幽迫一触皿牡＿止且迫出芸直題適＿塾江ek四迫出
ProcessedValues
lKnowledgeStock］
KST Realknowledgestocktota11millionyen（1990＝100）　Estimatebypresentmodel
PRKST RealprlVateknowledge lmillionyen（1990＝100）　Estimatebypresentmodel
stock
PUKST Realpublicknowledge lmi11ionyen（1990＝100）　Estimatebypresentmodel
stock
IMKST Realimportedknowledge lmillionyen（1990＝100）　Estimatebypresentmodel
stock
［Others］
EXR Exchangerate（Tokyo）yen Yen！US＄
DUM8687　　Dummy
DUM8890　　Dummy
1986，1987＝1
1988to1990＝1
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ToyoKeizaiShimposha
（2）　Simultane°uSEquati°nSystem
lProducti°nBl°ck］
（ProductionFunction）
LOG（GNP）＝－1．398＋0．301041LOG（KP＊ROMA）＋0．698959LOG（L）＋0．164190LOG（KST）
（－5．87）（8．70）　　　　　　　　　（20．21）　　　　　（5．55）
（1973－1994）
R－2＝0．9981DW＝1．376
PotentialGNP
PTGNP＝EXP（－1．398＋0．301041LOG（KP＊100）＋0．698959LOG（L）＋0．164190LOG（KST））
PrivateenterpriseplantandequlPmentCaPitalstock
KP－IP＝2276．46＋0．889071KP（1）
（2．10）（279．84）
（1974－1994）
RA2＝0．9997
KP＝2276．46＋0．889071KP（1）＋IP
Demand－SuPPlygap
DSGAP＝PTGNP／GNP
［ExpenditureB］°Ck］
Realgrossnationalproduct
GNP＝CP＋CG＋IH＋IP＋IG＋JP＋JG＋EX＿M
Nominalgrossnationalproduct
GNP．N＝GNP＊P／100
Realprivate丘nalconsumptionexpenditure（consumptionfunction）
CP＝7025A3十32．6200DEL（W）＋0．988854CP（1）一958．229DOT（PC）
（1．81）（2．84）　　　　　（64．61）　　　（－4．09）
（1974－1995）
RA2＝0．9977
胃26－
RealprivatehousinglnVeStment
IH＝－6506．25＋325．0559W／PC－473．6579（INTN－DOT（PC））＋0．693564IH（1）＋2982．10DUM8687
（－1．15）　（1．49）　　　（－1．85）　　　　　　　　　　（3．33）　　（2．56）
（1975・1995）
RA2＝0．8154
Realprivateenterpriseplantandequipmentinvestment（investmentfunction）
IP＝－74452．2＋0．485197DEL（GNP）＋4485．61LOG（PRKST）＋0．860771IP（1）＋3264．34DUM8890
（－1．95）　（5．38）　　　　　　（1．88）
（1974・1995）
RA2＝0．9917
（14．96）　　（2．06）
Realexportsandincomefromabroad
LOG（EX）＝－15．2832＋0．382447LOG（EXR）＋1．36014LOG（PRKST＋PUKST）
（－8．80）　（4．36）
（1973・1995）
RA2＝0．9866DW＝0．866
ReallmpOrtSandincometoabroad
M＝1．8397．8－51．2782EXR＋0．820615M（1）
（2．82）（－2．80）　　（9．11）
（1973・1995）
RA2＝0．9568
（18．35）
lEmploymentandDistrjbutionB10ck］
Numberofemployedpersons
L＝187．5354＋0．944916NL
（3．24）（97．99）
（1974－1995）
RA2＝0．9978DW＝0．435
Numberofemployees
LW＝－434．8323＋29．0549W／PC十0．826775LW（1）
（・4．65）（4．49）　　　　（17．03）
（1974－1994）
RA2＝0．9973
ー27－
Nominalpercapitacompensationofemployees
W＝・1982．98＋32．8361PC＋48．6457PTGNP／L＋62．4846DUM8890
（・32．50）（17．04）
（1974－1994）
RA2＝0．9983DW＝1．384
（15．65）　　　　（2．38）
［Price別°Ck】
Grossnationalproductdeflator
P＝9．00788＋0．906353PC
（13．17）（115．22）
（1972－1995）
RA2＝0．9983DW＝0．909
Private丘nalconsumptionexpendituredenator
PC＝28．6446－0．330384PTGNP（1）／L（1）＋0．157533WPI＋0．017182W（1）
（4．63）（－2．10）
（1974－1994）
RA2＝0．9977
R＆Dexpensedeflator
PRD＝－2．66788＋0．999793PC
（－2．45）（79．95）
（1972－1995）
RA2＝0．9964DW＝1．034
（5．53）　　　（11．43）
Wholesalepriceindex
WPI＝10．8896＋0．027077EXR＋0．843497WPI（1）
（1．33）（1．69）　　　　（12．58）
（1972－1995）
RA2＝0．8809
Interestrates（nationalbankloancontractualaverageinterestrate）
INTN＝1．94719＋0．573701INTORA＋0．290853INTN（1）
（8．40）　（21．43）　　　　　（7．04）
（1974－1994）
RA2＝0．9825
－28－
［R＆DBl0ck］
Knowledgestocktotal
KST＝PRKST＋PUKST＋IMKST
（PrivateSector）
RealprivateR＆Dpersonnelexpenses
PRRDL＝－1969162＋15．8162CP＋3．71988PRP
（－34．51）（13．83）　　（9．13）
（1973－1995）
RA2＝0．9976DW＝1．850
RealprlVateR＆Dmaterialexpenses
PRRDM＝－3144554＋10．5257PRP
（－10．26）（20．22）
（1973－1995）
RA2＝0．9488DW＝0．4
RealprivateR＆Dplantandequipmentinvestment
PRRDC＝7066654＋31252．9PRRDC（1）nP（1）－7623487DSGAP（1）＋0．116075PUKST
（6．09）（4．38）
（1975－1995）
RA2＝0．9500
RealprivateR＆Dexpenses，tOtal
PRRDT＝PRRDL十PRRDM＋PRRDC
Privateknowledgestock
PRKST＝0．898☆PRKST（1）＋PRRDT（4）
（胃7．06）　　　　　（15．43）
Numberofprivatesectorresearchers
PRP＝・78295．0＋3671．18PRP（1）／LW（1）＋0．004939PRKST
（・0．95）（4．70）　　　　　　　　（7．97）
（1974－1995）
RA2＝0．9674
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（PublicSector）
RealpublicR＆Dpersonnelexpenses
PURDL＝PURDL．N／PRD＊100
RealpublicR＆Dmaterialexpenses
PURDM＝PURDM．N／PRD＊100
RealpublicR＆Dplantandequipmentinvestment
PURDC＝PURDC．N／PRD＊100
RealpublicR＆Dexpenses，tOtal
PURDT＝PURDL＋PURDM＋PURDC
Publicknowledgestock
PUKST＝0．897★PUKST（1）＋PURDT（8）
Numberofpublicsectorresearchers
PUP＝41458．9＋0．026349PURDL．N＋0．670376PUP（1）
（2．43）（乱90）　　　　　　（5．79）
（1975－1995）
Rへ2＝0．9470
（TechnologyImports）
Nominaltechnologyimports
TECHIM．N＝33914．9＋1．74782M＋0．671533TECHIM．N（1）
（2．43）　（2．96）
（1972－1995）
RA2＝0．9439
Realtechnologyimports
TECHIM＝TECHIM．N／PRD＊100
（6．31）
Importedknowledgestock
IMKST＝0．898★IMKST（1）十TECHIM
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▼－1ど－
∂lq甲UASnOua如Ⅹ耳　∠二二二フ’
∂甘興乱用nOu∂呵Ⅶつ二二二コ
加l胼仏　＜‥・・・
po甲d叩aJ叫〕く－
【u°！13nP°jd】
S確30旧人qIeP°川lO八°lゴ（C）
【ExpenditureBl°Ck】
一→　currentperiod
＞ Withlag
［：ここ＝］End。g。n。。SVariabl。
∠二二二フ　Exogenousvariable
－32－
【Empl°ymentandDistributionBIock】
ー→　currentperlOd
・・・・＞　wlthLag
E＝：：：コ　End。g。。。。SVariabl。
∠二二二フ　Ex。g。n。。SVariabl。
－33－
【price馴°ck】
GrossnationaI
productdenator
Private丘nalconsumption
expendituredenator
R＆DexpenSedenator
Overallwholesaleprice
index
Percapitacompensation
Ofemployees
ForelgneXChangera
一→　currentperiod
…………・＞　　Withlag
⊂＝二二コ　Endogenousvariable
∠二二二フ　Exogenousvariable
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【岬lqq守り】
（4）　ResultsoflnterpolationTest
Unit：％
Partialtest Totaltest Finaltest
PTGNP
KP
L
KST
IP
DSGAP
GNP
CP
IH
EX
M
GNP．N
P
W
PC
INTN
PRKST
PUKST
LW
WPI
PRD
IMKST
PRRDL
PRP
PRRDM
PRRDC
PRRDT
DURDL
PURDM
PURDC
PURDT
PUP
TECHIM．N
TECHIM
????????????????????????????????????????????????????????????????????????????????????????????????????（? ? ??????????????? ???? ???? ???? ????????????? ???? ???? ???? ??????? （ ??????????????????????????
?
???????????????????????????????????????????? ??????????????????????????????ー???????? ????????????????????????????．??
??
Notes：FiguresareaverageabsoluteerrorratesaccordlngtOfollowingformula：
恥刊／恥I
Where，E：eStimatedvalue，0：realvalue，t＝1ton，n：teStPeriod．
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（5）　FitnessofEquations
Tゝendinerror Realvalue Estimatedvalue Error Errorratio
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
12．343　　　　12．346
12．336　　　　12．342
12．376　　　12．357
12．413　　　12．418
12．458　　　12．455
12、512　　　12．508
12．562　　　12．566
12、586　　　12．595
12．615　　　12．618
12．647　　　12．641
12、673　　　　12．686
12．714　　　12．732
12．756　　　　12．763
12．787　　　　12．780
12．836　　　12．824
12．894　　　12．882
12．940　　　12．934
12．992　　　　12．987
13．023　　　13．020
13．030　　　　13．025
13．031　　　13．029
13．035　　　13．055
－37－
．003
．006
ー019
．004
ー004
ー004
．004
．009
．003
ー006
．013
．018
．006
ー007
ー012
ー012
ー006
ー005
ー003
ー005
ー002
．020
???
??????????????????????????????? ????????????????????????
Privateenterpriseplantandequipmentcapitalstock
Kp－Ⅳ　Dottedline：RealValue
500000
400000
300000
????? ?．? ? ?
．＿・一・ど一・r・－
亡・l一プど一どIl・上
．且、
．ぷ
／一・一と－
Tfendinerror RealValue Estimatedvalue Error Errorratio
??????????????????????????????????????????????
131．835．0　135．012．4
146，428．4　147．476．2
159，127．9　159，393．6
171，453．3　170．855．4
182，386．4　181．609．8
194．666．4　193，627．4
208，895．6　　207，677．5
223，907．0　　222，756．0
238肩900．5　　237．009．5
252，270．6　　250．571．9
265，997．3　　264．048．9
280，814．8　　280．610．6
298，792．1　293，785．3
315，499．7　　316．269．0
333．435．3　　334，939．4
355．889．3　　359，497．7
384，899．1　386．935．4
418，430．2　　420．421．4
451．817．7　　452．296．3
478．186．1　476，341．7
494．683．0　　492．180．3
胃38－
3．177．4
1，047．8
265．7
－597．9
－776．7
－1．039．0
－1．218．1
－1．151．1
－1，891．0
－1，6 8．7
－1，948．4
－204．1
－6．9
769．3
1．504．1
3，608．4
2．036．4
1．991．2
478．6
－1．844．4
－2．502．7
????????????．????】????．?．?．?．?．?
RealprivatefinalconsumPtionexpenditure（consumptionfunction）
CP Dottedhne：Realvalue
Trendinerror Realvalue Estimatedvalue Error Errorratio
1974　　　　138，509．3　137，448．6　　－1，060．6　　　　－0．8
1975　　　　143，400．4　142．820．1　　　－580．3　　　　－0．4
1976　　　　148．213．0　147，414．2　　　－798．8
1977　　　　154．293．0　155．614．1　　1．321．1
1978　　　　163，327．5　161，306．4　　－2，021．1
1979　　　　172，122．6　169，983．8　　－2．138．8
1980　　　　173，354．2　176，403．0　　　3．048．8
1981　　　176．965．6　181，689．0　　　4，723．4
1982　　　　185．013．9　184．141．8　　　－872．1
1983　　　　190，521．9　190，698．5　　　176．6
1984　　　　195，319．8　198．007．2　　　2．687．4
1985　　　　202，226．3　　203，210．9　　　　984．6
1986　　　　210，122．4　　209，779．1　　　－343．4
1987　　　　218，771．5　　217．343．1　　－1．428．4
1988　　　　　230，947．8
1989　　　　　240．750．5
1990　　　　　250，755．8
1991　　　　257．801．0
1992　　　　　260，812．3
1993　　　　　265，162．3
1994　　　　　269，009．5
1995　　　　　276．264．7
227．069．0
239．326．1
249．356．3
259．282．2
261，446．3
265．670．2
270，832．1
274．823．1
ー39－
－3．878．8
－1，424．4
－1，399．5
1，481．2
634．0
508．0
1，822．6
－1，441．6
????????????????????????????????? ???」?????????????????
???????
?????
取endinerror Realvalue Estimatedvalue Error Errorratio
??????????????????????????????????????? ??????????????
18．081．5　　17，462．8　　　－618．7
18，669．6
13，999．7
19，430．3
19，512．3
17．571．3
17，259．8
17，471．4
15．940．1
19．163．1　　　　493．5
18，821．6　　　－178．1
18，744．6　　　－685．7
19，077．0　　　－435．3
19，468．8　　1，897．5
17．287．4　　　　　27．6
16．740．2　　　－731．2
16，891．7　　　　951．6
16，014．4　　16．356．5　　　　342．1
16，457．9　　16．419．4　　　　胃38．5
18，226．2　　19．632．5　　1．406．3
22，953．8　　21．547．5　　－1，406．3
24，002．0　　22．176．2　　－1．825．8
24．390．0
25．576．3
22．434．8
21，652．6
22，707．6
24，657．9
22．996．7
23，887．8　　　－502．2
23，636．0　　－1，940．4
24，582．5　　　2，147．7
22．759．1　　1．106．5
22，380．0　　　－327．6
23．222．7　　－1，435．2
24，748．8　　1，752．1
－40－
??????????????????????????????? ．??????????????????
????????????
???????
???
Realprivateenterpriseplantandequipmentinvestment（investmentfunction）
IP Dottedline：RealValue
?????????‥?ー??????ー
??????????? ??????????? ??? ??????????????
∴
崖三皇頂、
Trendinerror Realvalue Estimatedvalue Error Errorrati0
???????????????????????????????????????「?????????????????????????????? ??????????????????????????????? ??????????????????????????????????
31，481．2　　28，583．9
30，292．2　　31，812．2
30．484．7　　31．079．6
30，255．3　　32．774．6
32，839．4　　34，364．2
36，362．5　’36．732．4
39．093．1　　36．651．6
40，113．6　　39．958．0
40，374．8　　41，867．1
42．163．1　　41，442．1
47，064．6　　45．722．9
52，689．4　　50．793．3
54，377．2　　54，295．2
58．669．5　　59，471．3
68，356．4　　69，134．9
76．763．6
85，417．8
87．738．5
81．396．6
72．842．9
70．310．8
73，901．9
76，065．8
85，337．1
85．637．7
82，667．8
76，280．1
69，937．8
72．379．6
ー41－
－2，897．3
1，520．0
594．9
2 519．2
1 524．8
369．9
－2．441．5
－155．6
1，492．4
－721．0
－1，341．8
－1．896．1
－82．0
801．8
778．5
－697．8
－80．7
－2，100．9
1，271．1
3，437．2
－373．0
－1．522．3
???????????????????ー????????????? ． ?．?????????．???????．??
Tゝendinerror Realvalue Esti皿atedvalue
????????????????????????????ー?????? ????????????????????????????????? ???????????????????????????????? ??
9．705　　　　　9．684
9．902　　　　　9．840
9．896　　　　　9．969
10．035　　　10．078
10．117　　　10．135
10．098　　　10．139
10．231　　　10．277
10．361　　　10．339
10．503　　　10．435
10．515　　　10．541
10．564　　　10．594
10．694　　　　10．582
10．721　　　10．729
10．677　　　10．691
10．742　　　10．726
10．859　　　10．787
11．015　　　10．925
11，088　　　　日．014
11．133　　　11．079
11．151　　　11．141
11．120　　　11．174
11．168　　　11．234
11．223　　　11．308
ー42－
???。??????????????。??…??????〝?。?〝?。????????????????????】?【? ErroI・rati0
－0．2
ー??
】??????
?????????????????????????????????????
－0．1
0．5
0．6
0．8
Realimportsandincometoabroad
M Dottedline：Realvalue
80000丁
60000十
ノく
ズを無／ム
1973　　　1978　　　1983　　　1988
Mstatisticalerror
???? ???? ???? ????????
nendinerror Realvalue Estimatedvalue Error Errorratio
1973　　　　　23，322．7　　19，860．1　　－3，462．6
1974　　　　　23．641．8　　22．527．6　　－1．114．1
?????????????????????????? ??? ????? ??? ??????????ー???????????????
??????????????????????
21，719．5　　22，463．4　　　　743．9
23，115．1
23，608．1
25．919．3
28，526．8
27．651．8
29，757．3
28．405．7
27．834．1
21，230．0　　－1，885．1
24，212．0　　　　603．9
27，443．5　　1．524．2
27．891．1　　　－635．7
30，667．2　　　3，015．3
29，380．5　　　　－376．9
30，014．0　　1，608．4
29，585．3　　1．751．2
30，432．8　　28．730．6　　－1，702．2
29，377．2　　32，004．1　　2．626．9
30，181．6　　34．306．8　　　4．125．2
35．525．3
44，347．3
54．318．9
58，403．6
57，092．9
54，171．0
53．818．2
58，715．3
65．428．3
36，065．8
40，973．3
47，466．3
55．715．9
59，488．8
58．853．2
57．324．1
57．468．4
61．642．9
－43胃
540．1
－3．373．9
－6．852．6
－2．687．8
2，396．0
4．682．2
3．505．8
－1．246．9
－3，785．4
－1 ．8
胃4．7
4
－8．2
2．6
5．9
－2．2
10．9
－1．3
5．7
??????????????
?
一7．6
－12．6
－4．6
4．2
8．6
6．5
－2．1
－5．8
Trendinerror Realvalue Estimatedvalue Error Errorratio
???????????? ??
??
??????
???????????????????
???????????????????????
5，223．00　　5，197．48
5，240．00　　5．237．17
5．282．00　　5．278．74
5．358．00　　5，357．17
5，427．00　　5．430．87
5．493．00　　5，485．68
5．552．00　　5，546．15
5，594．00　　5．593，40
5，664．00　　5．674．66
5，735．00　　5，754．98
5，786．00　　5．805．06
5，817．00　　5，833．41
5，860．00　　5．886．32
5．936．00　　5．956．25
6，036．00　　6，032．78
6．163．00　　6，142．39
6，280．00　　6．248．23
6，395．00　　6，359．73
6，437．00　　6．407．92
6．454．00　　6，451．38
6，455．00　　6，471．23
6，456．00　　6，492．01
ー44胃
－25．52
－2．83
??
?
??????ー?
??????
??
???????????????
????????
????????????? ????????????? ?????????? ???????
??????
?????????????????????????????????? ???????????????????????
????
?
?????
Numberofemployees
??????????????????? ??????
LW Dottedhne：RealValue
Trendinerror Realvalue Estimatedvalue Error Errorratio
???????????????????????
?????????????????????? ?????????????????????? ??? ???．．???????????????????
3，633．00　　3．630．27
3，669．00　　3，667．46
3．726．00　　3，702．23
3．773，00　　3，785．51
3．811．00　　3，847．52
3，8g6．00　　3，895．31
3，997．00　　3，951．67
4，048．00　　4．063．50
4，125．00　　4，122．19
4，223．00　　4．187．69
4，281．00　　4，286．90
4．328．00　　4，357．80
4，382．00　　4．421．50
4．452．00　　4，487．45
4，572．00　　4．577．72
4．711．00　　4，701．49
4．882．00　　4．842．16
5，036．00　　5，009．18
5，141．00　　5，121．82
5．213．00　　5．208．62
5，243．00　　5．279．00
ー45－
ー7．73
胃1．54
－23．77
2．51
36．52
ー69
－45．33
15．50
－2．81
－35．31
5．90
29．80
39．50
35．45
5．72
???????????????）??????
?????????
????
??????????????????????????????????????????????????????????
????
??????
?????
NominalpercapitacompenSationofemployees
W Dottedline：RealValue
Trendinerror Realvalue Estimatedvalue Error Errorrati0
????????｝???????????????????????? ????????????????????? ? ???
2，027．28　　2．027．45
2．285．41　　2．290．38
2，531．63　　2，561．19
2，782．87　　2，765．20
2．959．87　　2．929．14
3．134．66　　3，107．05
3，322．70　　3，362．82
3，539．45　　3，539．33
3，677．18　　3，668．05
3，764．51　　3，789．79
3，919．23　　3，935．69
4．068．69　　4，072．95
4．165．17
4．261．88
4，391．04
4，536．86
4，791．42
4，987．86
5．025．98
5，080．59
5．142．40
4，159．53
4，253．03
4．416．37
4，585．57
4，767．38
4．870．28
5，016．36
5，123．74
5，205．38
－46－
．17
4．96
29．56
－17．67
－30．73
－27．60
40．12
ー13
－9．13
25．28
16．46
4．27
－5．64
－8．85
25．33
－1．29
－24．04
－117．58
－9．62
43．14
62．99
?????????????????????????????????????????
????
??】
????
Grossnationalproductdeflator
Trendinerror RealValue Estimatedvalue Error Errorratio
???????????????????????????????????? ???????????????????????????????????? ??????????????????????????????? ???????????????????????????????
44．220　　　　45．643
50．890　　　　50．709
60．660　　　　58．993
64．200　　　　63．996
69．560　　　　69．416
73．850　　　　73．305
76．880　　　　76．033
78．940　　　　79．006
83．880　　　　84．090
86．500　　　　87．090
87．940　　　　89．021
89．610　　　　90．797
91．980　　　　92．900
93．880　　　　94．504
95．250　　　　94．830
95．250　　　　95．383
95．990　　　　95．836
98．390　　　　98．066
100．630　　　100．305
103．150　　　102．317
104．690　　　104．021
105．320　　　105．054
105．280　　　105．471
104．810　　　104．963
一47－
1．423　　　　　3．2
ー181　　　　－0．4
－1．667
ー204
ー144
ー545
ー847
．066
．210
．590
1．081
1．187
．920
．624
ー420
．133
ー154
ー324
ー325
ー833
ー669
ー266
．191
．153
???????????????????????????????? ????????????????????????????????
???????????????????????????????????
Privatefinalconsumptionexpendituredeflator
Trendinerror Realvalue Estimatedvalue
??????????????????? ??????????????????? ?????????????????? ?????????????????
??????????????????????????
55．150　　　　54．644
60，670　　　　61．897
66．650　　　　66．502
70．940　　　　70．274
73．950　　　　73．831
77．230　　　　78．226
82．840　　　　82．753
86．150　　　　85．734
88．280　　　　89．171
90．240　　　　90．713
92．560　　　　91．887
94．330　　　　93．489
94．690　　　　93．944
95．300　　　　94．779
95．800　　　　95．831
98．260　　　　98．012
100．730　　　100．950
102．950　　　103．591
104．830　　　106．102
105．970　　　105．696
106．430　　　105．923
－48－
???。…?。?????????。???。?。????〝????．??????????．?ー??????????? Erro】ーratio
??????????????????????????????? ???????????????????????????????
??????????????
????????
???
R＆Dexpensedeflator
150－
PRD Dottedline：RealValue
Trendinerror Realvalue Estimatedvalue
??????????????????????????? ?????????????????）???? ? ? ??????????????????????????????
1992
1993
1994
1995
36．400　　　　37．744
43．700　　　　43．333
54．300　　　　52．471
58．300　　　　57．990
63．700　　　　63．968
67．500　　　　68．257
69．700　　　　71．267
75．100　　　　74．546
80．700　　　　80．155
83．800　　　　83．464
86．500　　　　85．594
37．900　　　　87．553
90．500　　　　89．873
92．000　　　　91．643
89．900　　　　92．003
90．600　　　　92．612
92．800　　　　93．112
96．900　　　　95．572
100．000　　　　98．041
101．700　　　100．261
102．200　　　102．140
102．000　　　103．280
102．600　　　103．740
103．000　　　103．180
ー49－
Error Errorratio
1．344
ー367
－1．829
ー310
．268
．757
1．567
ー554
ー545
－．336
－．906
－．347
ー627
－．357
2．103
2．012
．312
－1．328
???????????? ．??．?．?．???????．??．?
－1．959　　　　－2．0
－ ．439　　　　　－1．4
ー 60　　　　－0．1
1．280　　　　1．3
1．140　　　　　1．1
．180　　　　　0．2
矩endinerror Realvalue Estimatedvalue Error Errorratio
??????????????????????????????????? ??????????????????????????????????? ????????????????????????????????? ???????????????????????????
54．900　　　　63．723　　　　　8．823
67．300　　　　64．614　　　　－2．686
83．100　　　　75．582　　　　－7．518
84．800　　　　89．082　　　　　4．282
89．400　　　　90．334　　　　．934
89．700　　　　93．244　　　　3．544
87．600　　　　92．005　　　　　4．405
99．000　　　　90．998　　　　－8．002
111．700　　　100．278　　　－11．422
113．200　　　111．291　　　－1．909
114．300　　　113．134　　　　－1．166
111．600　　　113．703　　　　2．103
112．000　　　111．629　　　　　一．371
108．300　　　111．364　　　　3．064
98．300　　　106．569　　　　　8．269
96．300　　　　97．554　　　　1．254
95．600　　　　95．592　　　　　ー008
99．000　　　　95．395　　　　－3．605
100．100　　　　98．228　　　　－1．872
98．900　　　　98．933　　　　．033
97．400　　　　97．689　　　　．289
94．300　　　　95．965　　　　1．665
92．800　　　　93．121　　　　．321
92．200　　　　91．773　　　　　－．427
ー50－
16．1
－4．0
????????
?
．0
5．0
－8．1
－10．2
－1．7
－ ．0
．9
－0．3
2．8
???
??????????????? ??（???????????
Trendinerror Realvalue EstimatedvaLlue Error Errorratio
??????????????????? ????????????????????
???????????????????
????????????????
????????????????????????????
9．2904
8．8385
8．2062
7．2222
6．2214
6．7293
8．5220
7．6863
7．2523
7．0334
6．7014
6．5608
5．7787
5．0906
9．3443　　　　．0539
8．8087　　　　ー0298
8．2230　　　　．0169
6．9156　　　　ー3066
6．0558　　　　ー1657
7．0435　　　　．3142
8．4940
7．8680
7．3381
7．0685
6．8614
6．6692
5．6960
5．0622
5．0354　　　　4．8621
ー0280
．1818
．0858
．0351
．1600
．1085
－．0827
－，0284
ー1734
5．5801　　　5．5273　　　　ー0528
7．2338　　　　6．8690　　　　－．3649
7．2682　　　　7．0631
5．7934　　　　5．9257
4．7094　　　　4．8155
4．0730　　　　4．3209
－51－
ー2051
．1323
．1061
．2429
?????????????????????????????????????????
????????????????????
RealprivateR＆Dpersonnelexpenses
Trendinerror Realvalue Estimatedvalue Error Errorratio
??????????????????????????????????????????????????
1，788．812　1．800．459
1．933，987　1，852，116
2．011，439　　2，067．759
2，064．372　　2．124．785
2．139，504　　2．059．594
2．235，178　　2，181，699
2，292，598　　2，349，635
2，409．294　　2，452，402
2．571．172　　2，613，324
2．715，330　　2，813．550
2．997，787　　2．961，054
3，148，352　　3．185，235
3，420，649　　3，366，947
3．687．350　　3－608，363
3．882．438　　3，807，282
4，123．487　　4，088，153
4，322，162　　4．335．599
4，617，036　　4，619．954
4．776．146　　4，851，821
4，974，832　　4，937，284
5，065．611　5，095，959
5，135．547　　5，173，377
5．302，778　　5，269，508
ー52－
11，646
－8 ，871
56，319
60，413
－79．910
－53．479
57，037
3，108
4 ，152
98．220
－36，733
36，884
－53，702
－78．983
－75，156
－35，335
13．437
2，918
75，675
－37，548
30．348
，829
－33，269
??????????????????????????????????? ?????????????????????????????
????????????????????????????????
RealprivateR＆Dmaterialexpenses
PRRDM　工）ottedline：RealValue
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PRRDMstatisticalerror
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Trendinerror
1973
????????????????????????????? ?????????????
Realvalue Estimatedvalue Error Errorratio
1－247，270　1，412，848
1．228．932　1，469，319
1，205，861　1．860，601
1．294．744　1，806，583
1，338．108　1，350，020
1．451，673　1．291．202
1．567，257　1．372．777
1．737．175　1，608．447
2，027．143　1，902．167
2．235，117　　2．108，535
乙465．986　　2，279．409
2．747，620　　2，699．027
3．129．429　　2．904，110
3．334，396　　3．233，849
3，541．941　3．409，618
3，914，879　　3．659．435
4，292．353　　3，920，904
4，742，976　　4．277，737
4，885，151　4．618，527
4，826．234　　4，725，584
4，525，952　　4．979，896
4．482，563　　5，026，778
4，668．708　　4，974，097
－53胃
165．578
240，387
654，740
511，839
11．912
－16 ．471
－194．480
－128．728
－124．976
－126，583
－186，577
－48．593
－225．319
－100，547
－132．323
胃25 ．444
－371，449
－465．240
－266．624
－100．650
453，944
544，215
305，388
?????????????????????????? ???????????????????? ????????????????
Trendinerror RealValue Estimatedvalue
???????????????????????????????????? 、??????????
522．509　　　449，728
483，746　　　480．433
519，216　　　452，343
568，878　　　565，180
657，836　　　739，747
767，777　　　904，692
896，797　　　902，318
949，882　　　995，016
1，020，826　1．069，238
1，105，638　1，076．772
1．313，190　1，155．622
1．293，759　1，332．307
1．3、．3．554　1，341，120
1．373，003　1，460，700
1．548，720　1，526，503
1，652，777　1，557．556
1，743．302　1，598，022
1．483．952　1．553．455
1．284，775　1，366，196
1，148，061　1，236，794
1，221，942　1，151，398
ー54胃
Error Errorrati0
－72．781　　　－13．9
－8．313　　　　－1．7
－66．873　　　－12．9
－3，699　　　　胃0．7
81．910　　　12．5
136．915　　　17．8
5，521　　　　0．6
45，134　　　　4．8
48，412　　　　4．7
－28，866　　　　胃2．6
－157．568　　　－12．0
8，549　　　　3．0
－12，434　　　　－0．9
87，697　　　　6．4
－22．217　　　　－1．4
－9 ．221　　　－5．8
－145．280　　　　胃8．3
69，503　　　　4．7
81，422　　　　6．3
88．733　　　　7．7
－70．544　　　　－5．8
Trendinerror Realvalue Estimatedvalue Error Errorrati0
?????????????????????? ??????????????????????????????? ????????????????????????????? ????????????????????????????
438．343．0　　434．534．8
475，517．0　　447．214．9
470．385．0　　489．848．8
427．009．0　　486，362．6
421，421．0　　446．376．3
429，171．0　　444，182．8
451．561．0　　449．746．7
479，466．0　　467．220．3
499，072．0　　494，981．5
515，306．0　　512．503．2
555．172．0　　525．621．3
574．656．0　　564．970．6
605，983．0　　588．414．6
ー3．808．2　　　　－0．9
－28，302．1
19，463．8
59 353．6
24 955．3
15，011．8
－1．814．3
????????????????
?????????????
－12，245．7　　　　－2．6
－4 090．5　　　　－0．8
－2，802．8　　　　－0．5
－ 9，550．8　　　　－5．3
－9 685．4　　　　－1．7
胃 7，568．4
622，682．0　　622．392．8　　　－289．3
646．416．0　　643．071．9　　－3．344．1
671．257．0　　666，280．6　　－4，976．4
705．158．0　　888，386．9　　－16．771．1
737，535．0　　714．062．2
747，706．0　　741，194．4
771，867．0　　758．920．9
776．321．0　　792，014．1
771．316．0　　815．017．9
ー55胃
胃23，472．8
－6，5日．6
－12 46．1
5，693．1
43 701．9
????????????????????????㌧?????????????
Trendinerror Realvalue Estimatedvalue Error Errorratio
??????????????????????????????? ????????????? ???????????????????????????? ??????????????????????????
180，090．0　177．980．6
183．451．0　174．963．0
167，778．0　178．283．2
163，569．0　168，794．3
167．460．0　166，935．5
173．216．0　170，804．4
175，518．0　175．698．2
177．205．0　177，918．7
183，805．0　179，698．2
186，116．0　185，625．2
138，165．0　187，778．7
189．966．0　190，231．6
191．974．0　192，276．7
194，830．0　194，530．2
197．458．0　197，6日．8
200．485．0　　201，487．5
202．771．0　　204，81乱0
205．361．0　　207，750．0
211，853．0　　210，499．0
218，301．0　　215．886．1
221．149．0　　220，950．3
－56－
肩2．109．4
－8．488．0
10，505．2
5．225．3
－524．5
－2，411．6
180．2
713．7
－4，106．8
－490．8
－386．3
265．6
302．7
－299．8
153．7
1，002．5
2，047．1
2．389．0
－1．354．0
－2 414．9
－198．7
??????????????????????????????? ???????????????????????????????
????????????????????????????????????????
Nombdtechnolo訂皿pOrb
TECHIM．N Dottedhne：RealValue
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こ了二l一一二二
1972　　　1977　　　19821987　　　1992
TECHIM．Nstatisticalerror
Trendinerror Realvalue Estimatedvalue Error ErTOrratio
?????????????????????????????????????? ?????????????????????????????????????????????????????????????? 173，916．0
173，309．0
159．832．0
169．131．0
177．302．0
190．066．0
157，291．8　－16，624．2
191，469．0　18，160．0
191．619．1　31．787．1
179．209．0　10，078．0
187，892．8　10，590．8
194，241．7　　　4．175．7
192，058．0　206，852．8　14，794．8
240，984．0　212，747．8　－28，236．2
239，529．0　244，074．0　　4，545．0
259，632．0　246，777．0　－12，855．0
282．613．0　257，914．3　胃24．698．7
279，280．0　272，347．8　　－6．932．2
281．447．0　274，651．7　　－6．795．4
293，173．0　274，261．8　－18．911．2
260，577．0　　283．542．2
283．245．0　　270，993．5
312．195．0　　301．634．2
329．925．0　　338，503．7
371，907．0　　357，549．3
394．661．0　　383．450．7
413．908．0　　393，623．8
362．974．0　　405，932．3
370．693．0　　380，287．6
391．715．0　　397，204．2
胃57－
2乙965．2
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8，5 8．7
－14， 57．7
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4 ，958．3
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